performed using a short synthetic mRNA containing a strong Shine-Dalgarno sequence, RRF and EF-G separate the ribosomal subunits, leaving a 30S subunitmRNA-tRNA complex (Karimi et al., 1999). The bound tRNA is in turn released from the complex by initiation 
We tested the binding of mutant RRF proteins to ribosomes by forming complexes of the 14 C-labeled RRF mutants with 30S subunits, 50S subunits, or 70S ribosomes, using a 10-fold molar excess of RRF protein over ribosomal particle. Free RRF was removed by centrifugation through Microcon 100 filters, and the bound protein was detected by scintillation counting. All of the derivatized RRF mutants bound 70S ribosomes (Table  1) . Several of the labeled mutant RRF proteins were tested for binding to 30S and 50S subunits; all bound to 50S subunits, but showed little or no interaction with 30S subunits.
Fe(II)-BABE modified RRF mutant proteins were tested for their activity in converting polysomes to monosomes using approximately an equimolar equivalent of RRF per ribosome equivalent. All of the Fe(II)-RRF proteins tested showed activity in the range of 44%-117% compared to wild-type RRF (Table 1 ). The allowed location of a given probe was thus constrained to the cloud of overlapping spatial volume common to all the rRNA spheres generated from that probe position ( Figure 5A ).
Among the four RRF structures, our probing constraints are satisfied by those of E. coli, Thermus thermophilus, and Aquifex aeolicus, although the data from the vacant 70S ribosome complex are best satisfied by (Figures 7C and 7D) . from helix 38. When the helix 38 data were included, no intersecting cloud was obtained for the location of The modeled position of RRF on the 70S ribosome is strongly constrained; intersecting clouds were generposition 10, but when the helix 38 data were omitted, the resulting intersecting volume constrained position ated from the nucleotide cleavage data from each prob- like dimensions of certain translational factors may be double helix. Protein domains whose evolution is constrained in this way would have a tendency to resemble dictated by the spatial constraints of the ribosomal intersubunit cavity, whose dimensions are closely tailored structural elements of tRNA. Our model predicts that RRF interacts primarily with to the thickness of tRNA. For example, the triple-helix domains of RRF and RF2 and the ␣/␤ domain 4 of EF-G the 50S subunit, a prediction that is confirmed by our binding studies (Table 1) , by earlier experiments that all have about the maximum thickness that can be accommodated in a cleft that is designed to fit an RNA report a preferential interaction of matrix-immobilized 
